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Abstract: The present investigations observed the effect of chemical, enzymatic, biological and micro-
wave pretreatment on paddy straw for enhancement of biogas production. Chopped and soaked paddy 
straw was subjected to chemicals Na2CO3 (1%) and NaOH (2%) concentrations, microwave irradiation 
(720 watt, 30 min), fungal (spawn impregnated, 7 days) and crude silicase (24 hrs) pretreatment. The 
proximate and chemical analysis showed 16.0% and 12.1% reduction in lignin and silica content in the 
case of Na2CO3pretreated paddy straw whereas 23.0% and 46.8% reduction was observed in enzymatic 
pretreatment with 43.7% and 31.1% enhancement in biogas production respectively. This clearly indi-
cates that Pleurotus ostreatus MTCC 142 is silicolytic as well as ligninolytic in nature. Enzymatic pre-
treatment was also compared with, microwave (30 min) and fungal pretreatment which showed 31.2% 
and 32.8% reduction in silica content enhancing biogas production by 19.7% and 42.6% respectively. 
NaOH pretreatment showed a maximum increase in biogas production i.e. 49.7% as compared to 1% 
pretreated sample which showed 28.5% enhancement. The results indicated that the NaOH pretreat-
ment was one of the potential methods to increase biogas production of paddy straw. 
Keywords: Biogas production, Ligninolytic, Pleurotus ostreatus, Pretreatment, Silicolytic 
INTRODUCTION 
Rice, one of the most staple food, provides nutrition 
and calorie intake to nearly half of the world’s popula-
tion (Arvanitoyannis et al., 2008). Every ton of rice 
harvesting produces 0.8 tons of straw (595.92 million 
tonnes 2014) which stands in the field as waste bio-
mass but with high energy potential (FAO Rice and 
Market monitor, 2014). According to the global status 
energy report approximately 147 GW power from bio-
mass was generated at the end of 2015 and over 8.1 
million jobs were estimated to be increased in relation 
to the renewable energy sector (www.ren21.net). Rice 
straw possesses various uses such as paper making, 
resin binders and also as livestock feed but the higher 
silica and lower phosphorus content makes it a poor 
feedstock for animals (http://www.carrb.com/84rpt/
Straw Uses. htm), therefore burning of straw is a com-
mon practice mainly in the harvest season which emits 
about 144719 mg of total particulate matter from burn-
ing of rice straw in the field (Gadde et al., 2009). A 
total of 3 kg particulate matter, 60 kg CO, 1460 kg 
CO2, 199 kg ash and 2 kg SO2 is produced via open 
burning of one ton rice straw, which not only reduces 
soil productivity but substantially contributes to air 
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pollution (Streets et al., 2003 and Akhter et al., 2015).  
Rice straw is one of the most abundant lignocellulosic 
biomass in the world (Saini and Saini, 2015). It is 
mainly composed of (32–47%) cellulose and (19–27%) 
hemicelluloses that can be readily hydrolysed into fer-
mentable sugars (Saha, 2003 and Raeisi et al., 2016) 
via of anaerobic digestion, a series of biological pro-
cesses which involves the conversion of organic mate-
rial into biogas and digestate in the presence of anaero-
bic microorganisms and in the absence of oxygen 
(Kangle et al., 2012). The rate and extent of degrada-
tion are the two important parameters that affect the 
anaerobic digestion process. High biodegradation rate 
reduces the reactor size and makes it economically 
attractive (Contreras et al., 2012). High amount of or-
ganic acids such as lactic acid, butyric acids and vari-
ous amino acids have also been produced using rice 
straw as a substrate as described by Younas et al., 
(2016) who produced 58.1% lactic acid from 1M 
NaOH pretreated rice straw while 2.6 g/(L.d) butyric 
acid was produced from paddy straw via consolidate 
bioprocessing (Ai et al., 2016). 
The major challenge is to digest the multilayer struc-
ture of rice straw shielded by the presence of lignin 
(Jafri et al., 2011 and Werle et al., 2013). Therefore 
 effective methods are required to degrade the straw at 
higher rate for maximum biogas production. Over the 
past decades a large number of chemical (acid, alkali, 
oxidizing agents, and organic solvents), physico-
chemical (steam explosion, ammonia fiber explosion), 
physical (comminution, milling and grinding), biologi-
cal, or a combination of these pretreatment methods 
had been investigated on  variety of feedstock (Kumar 
et al., 2009) which have enhanced biogas production at 
a higher rate. As the chemicals used are not economi-
cally cheap and also provokes a hazardous threat to-
wards the environment, therefore biological methods 
have gained researcher’s attention in the current era. A 
wide range of bacteria and fungi are known to solubil-
ize insoluble silicates by producing minerals, organic 
acids and a variety of chelating agents (Henderson and 
Duff, 1965). Fungi such as Pleurotus ostreatus, Pleu-
rotus florida, Phanerochaete chrysosporium, Cy-
athusstercoreus, Ceriporiopsis subvermispora, were 
reported to elevate the digestibility of paddy straw 
(Blanchette et al., 1992, Chen et al., 1996, Gammal et 
al., 1998 and Taniguchi et al., 2005), however Phan-
erochaete and Pleurotus showed beneficial effects, 
degrading lignin by 40% and 60% in cotton straw 
(Platt et al., 1984). The present study was aimed to 
find out maximum paddy straw degradation and biogas 
yield by various pretretment methods.  
MATERIALS AND METHODS 
Substrate and chemicals: The paddy straw was pro-
cured from the research field of Punjab Agricultural 
University, Ludhiana after harvesting of crop and was 
chopped (3-5 cm) with a chopping machine for its easy 
handling, which was later stored in polythene bags at 
room temperature. Cattle dung was procured from 
dairy farm of Guru Angad Dev Veterinary and Animal 
Sciences University (GADVASU) Ludhiana. Digested 
cattle dung slurry was obtained from a nearby working 
biogas plant in the School of Renewable Energy and 
Engineering, PAU Ludhiana.  
All the chemicals used for proximate and chemical 
analysis, media and solutions preparation were of ana-
lytical grade and were purchased from Hi-Media, SRL, 
Sigma and S D fine chemicals Pvt. Ltd. 
Silicase production and extraction: Silica peptone 
broth was inoculated with P.ostreatus MTCC 142 cul-
ture and incubated at 28°C±2°C at 200 rpm. After 0, 2, 
4, 6 and 8 days of incubation the broth was filtered and 
the filtrate was then centrifuged at 15000 rpm for a 
period of 15 min in a cooling centrifuge (Remi Instru-
ments Ltd.). The clear supernatant was used as crude 
enzyme extract. The silicase activity in the crude en-
zyme extract was determined by the method described 
by Toender and Borchert, (2014). 
Pretreatment of paddy straw 
Chemical pretreatment of paddy straw: Two chemi-
cals sodium carbonate (Na2CO3) and sodium hydrox-
ide (NaOH) of concentrations 1% and 2% each were 
used. Two hundred and fifty gram of chopped and 
soaked paddy straw was suspended in these chemical 
solutions for 24 hrs at room temperature. After the 
desired period of soaking, the solution was decanted 
off and the paddy straw was washed under tap water 
till the washings were clean, colourless and neutral to 
pH paper. A small amount as a sample was taken and 
dried overnight in a laboratory oven at 70ºC-80ºC. 
After drying the sample was ground in order to get 
uniform and reproducible results. Otherwise, the paddy 
straw formed clumps on pretreatment and was not fully 
accessible to different chemicals/solutions used in 
proximate analysis. The samples were stored in poly-
thene bags for proximate and chemical analysis and the 
rest straw was fed to the digesters for biogas  
production.  
Microwave pretreatment of paddy straw: A domes-
tic microwave oven MC-2681DS produced by LG 
Electronics India Pvt. Ltd was used in this study for 
microwave pretreatment. The microwave frequency 
was 2550 MHz and the power was set at 720 W. Two 
hundred and fifty gram of chopped and soaked paddy 
straw was suspended in 500 ml of water in an auto-
clavable bag. The bags were pierced with pins to avoid 
excess pressure inside the bag and placed at the centre 
of microwave oven on the circular plate for its pre-
treatment for 30 min. The bags were allowed to cool 
and required sample was washed and dried for proxi-
mate and chemical analysis whereas rest straw was fed 
to the reactors for biogas production.  
Biological pretreatment of paddy straw 
Preparation of inoculum: The inoculum needed for 
pretreatment of paddy straw was prepared on wheat 
grains. The grains were washed under tap and boiled 
for 25-35 min until tender. The surplus amount of wa-
ter was decanted off. The grains were then mixed with 
4% calcium carbonate (CaCO3) and 2% gypsum 
(CaSO4) which were later dispensed into empty glu-
cose bottles (250g/bottle) and were autoclaved for 90 
minutes. After cooling the bottles were inoculated by 
placing two 5 mm bits of the freshly prepared culture 
of P.ostreatus MTCC 142 each on opposite side of the 
bottle. The bottles were incubated at 28°C±2°C, till 
mycelium completely impregnates the wheat grains (7-
10 days). 
Mixing of inoculum with paddy straw: The chopped 
paddy straw (250 g) was soaked in water overnight. 
The excess water was drained off and the paddy straw 
was then incorporated with the inoculum (fungus im-
pregnated wheat grains) at the rate of 10% w/w ratio 
(25g in 250 g paddy straw). The bags were allowed to 
incubate at room temperature for 1 week. After com-
pletion of the incubation period, the samples of pre-
treated paddy straw were taken and dried at 70°C in an 
oven. The paddy straw was grounded to powder and 
stored in polythene bags which were later used for 
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 determining the change in proximate and chemical 
composition of paddy straw. 
Enzymatic hydrolysis 
Silicase pretreatment: Silicase was produced from 
P.ostreatus MTCC 142 under optimal conditions the 
crude enzyme extract in different concentrations i.e. 
15U/10g, 30 U/10g and 45 U/10g was used to pretreat 
the paddy straw. Two hundred and fifty gram of 
chopped (3-5 cm size) and soaked paddy straw was 
mixed with crude enzyme extract with different con-
centrations separately and was allowed to react for a 
period of 24 hrs at room temperature. The samples 
were dried in an oven at 80°C overnight, grinded to 
powder and were stored in polythene bags for deter-
mining the variation in proximate and chemical analy-
sis. The samples for proximate and chemical analysis 
were studied and the remaining straw were fed to the 
digesters for biogas production. 
Solid state anaerobic digestion setup for biogas pro-
duction (SSAD): Chopped and soaked paddy straw 
pretreated with different methods chemical, micro-
wave, biological and enzymatic respectively was sub-
jected to biogas production. The untreated (control) 
and pretreated paddy straw were digested in batch an-
aerobic digesters. The batch system composed of a 2L 
glass reactor, 2L glass bottle for gas collection which 
was filled with dilute hydrochloric acid and solutions 
(pH <3 to avoid CO2 dissolution) and 1L liquid collec-
tion beaker. Biogas production was measured by water 
displacement method i.e. by measuring the amount of 
water displaced by the gas produced in a millilitre. 
Eight groups (each of control, chemical, microwave, 
biological and enzymatic pretreated paddy straw) each 
containing triplicate anaerobic digesters were set up at 
35°C ±2°C.  The digesters were mixed with 50 g cattle 
dung (acting as inducer) and 25 ml cattle dung slurry 
(acting as inoculums). Reactors were then carefully 
examined for any leaks to inspect close tight rubber 
stopper and screw caps. The samples were taken both 
at the initial stage and after a period of 45 days for 
proximate and chemical analysis. Biogas production 
for each reactor was measured every day and level of 
water was maintained in gas collecting chamber. 
Analytical methods: Standard methods of AOAC 
(2000) were followed for the determination of Total 
solids, Volatile solids, Total organic carbon, ash, cellu-
lose, hemi-cellulose, lignin and silica content. 
Statistical analysis: The experimental data which was 
generated from the experiments was analysed using the 
SAS system. The data was analysed by Tukey’s HSD 
method for multiple comparisons. Standard deviation 
was also calculated for the data. 
RESULTS AND DISCUSSION 
Effect of different pretreatment methods on paddy 
straw digestibility and biogas production 
Na2CO3 pretreatment: Pretreatment of rice straw by 
Na2CO3 was applied at room temperature to enhance 
the degradation of rice straw. Table 1 presents the hy-
drolytic behaviour of Na2CO3pretreatment on paddy 
straw digestibility with maximum total solids, volatile 
solids and total organic carbon reduction by 2.2%, 
8.9% and 8.9% in 2% pretreated sample respectively. 
On the contrary ash content was increased by 34.7% 
which can be due to the decrease in volatile solid con-
tent. Maximum reduction in cellulose by 10.5% and 
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Table 1. Change in proximate and chemical composition of Na2CO3 and NaOH pretreated paddy straw.  
Composi-
tion of PS 
% 
Control 
Na2CO3 concentration (%) NaOH concentration (%) 
1 2 1 2 
Initial Final Initial Final Initial Final Initial Final Initial Final 
Total 
solids 
96.2±0.4a 95.4±0.7b 
(0.8 ↓) 
96.0±0.8a 94.8±0.4d 
(1.25 ↓) 
94.2±0.9e 92.1±1.0d 
(2.2 ↓) 
96.1±0.6a 95.0±0.2b 
(1.1↓) 
95.7±0.4b 94.0±0.6e 
(1.7 ↓) 
Volatile 
solids 
86.8±0.5a 85.5±0.3b 
(1.4↓) 
84.4±0.2c 78.5±0.7e 
(6.9 ↓) 
82.6±0.7d 75.2±0.8f 
(8.9 ↓) 
82.6±0.2d 75.5±0.15f 
(8.5 ↓) 
83.8±0.6c 71.2±0.1g 
(15.0↓) 
Total 
organic 
carbon 
48.2±0.4a 47.5±0.7a 
(1.4↓) 
46.8±1.1b 43.6±0.5d 
(6.8 ↓) 
45.8±1.2c 41.7±0.5e 
(8.8↓) 
45.8±0.8c 41.9±0.6e 
(8.5↓) 
46.5±0.2b 39.5±0.2f 
(15.1↓) 
Ash 
13.2±0.6h 14.5±0.6h 
(9.8↑) 
15.6±0.6g 22.5±0.2c 
(44.2↑) 
18.4±0.4e 24.8±0.6b 
(34.7 ↑) 
17.4±0.7f 24.5±0.3b 
(40.8 ↑) 
19.8±0.6d 28.8±0.4a 
(45.4↑) 
Cellulose 
46.2±0.5b 45.8±0.2b 
(0.8↓) 
44.0±0.8c 40.1±0.6e 
(8.8↓) 
42.6±0.9d 38.1±0.8g 
(10.5↓) 
45.0±0.6a 39.4±0.2f 
(12.4↓) 
44.8±0.9a 36.9±0.3h 
(17.6↓) 
Hemicel-
lulose 
25.0±0.3a 24.6±0.1b 
(1.6↓) 
24.2±0.5b 22.6±0.4d 
(6.6↓) 
24.4±0.9b 21.5±0.2e 
(11.8↓) 
26.4±0.7a 23.6±0.4c 
(10.6 ↓) 
26.2±0.4a 20.1±0.2f 
(23.2↓) 
Lignin 
6.5±0.2a 6.2±0.2a 
(4.6↓) 
5.8±0.09b 5.5±0.1b 
(5.1 ↓) 
5.6±0.04b 4.7±0.1c 
(16.0 ↓) 
6.2±0.4a 5.7±0.3b 
(8.0 ↓) 
5.5±0.6b 4.3±0.1c 
(21.8↓) 
Silica 
7.9±0.1a 7.7±0.1a 
(2.5 ↓) 
7.6±0.07a 7.0±0.2b 
(7.8 ↓) 
7.4±0.09a 6.5±0.09c 
(12.1 ↓) 
6.2±0.1c 7.0±0.7b 
(12.9↑) 
5.0±0.09d 6.0±0.2c 
(20.0↑) 
*Control: Untreated paddy straw; PS: Paddy straw; values are means ± standard deviation (n=3); Initial indicate sample taken after 
pretreatment; Final indicate sample taken after 45 days of pretreatment; value in parenthesis indicates % increase (↑); % decrease (↓) 
w.r.t initial value; Within the same row, different small letters indicate a significant difference between parameters under the 
different pretreatments based on Tukey’s HSD test (p<0.05) 
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Table 4. Change in proximate and chemical composition of silicase pretreated paddy straw after biogas production 
Parameters 
Control Pretreated straw (45 units/10g PS) 
Initial Final Initial Final 
Total solids 96.2±0.4c 95.4±0.7d (0.8 ↓) 98.0±0.4b 98.6±0.4a (0.6 ↑) 
Volatile solids 86.8±0.5a 85.5±0.3b (1.4 ↓) 81.0±0.6c 77.2±0.4d (4.6 ↓) 
Total organic carbon 48.2±0.4a 47.5±0.7b (1.4 ↓) 45.0±0.3c 42.8±0.2d (4.8 ↓) 
Ash 13.2±0.6d 14.5±0.6c (9.8 ↑) 19.0±0.5b 22.8±0.1a (20.0 ↑) 
Cellulose 46.2±0.5a 45.8±0.2b (0.8 ↓) 38.4±0.8c 34.5±0.3d (10.1 ↓) 
Hemi-cellulose 25.0±0.3b 24.6±0.1b (1.6 ↓) 31.9±0.6a 28.0±0.1c (12.2 ↓) 
Lignin 6.5±0.2a 6.2±0.2a (4.6↓) 5.0±0.4b 4.5±0.2b (10.0 ↓) 
Silica 7.9±0.1a 7.7±0.1a (2.5 ↓) 4.2±0.2b 3.9±0.2b (7.1 ↓) 
*Experimental conditions; Control: Untreated paddy straw; values are means ± standard deviation (n=3); Initial indicate sample 
taken after pretreatment; Final indicate sample taken after 45 days of pretreatment; value in parenthesis indicates % increase (↑); % 
decrease (↓) w.r.t initial value; Within the same row, different small letters indicate a significant difference between parameters 
under the different pretreatments based on Tukey’s HSD test (p< 0.05) 
Table 5.Change in proximate and chemical composition of microwave and biological pretreated paddy straw  
Composition of PS 
(%) 
Control 
Microwave 
(30 min) 
Biological pretreatment with 
Pleurotus ostreatus MTCC 142 
Initial Final Initial Final Initial Final 
Total solids 96.2±0.4a 95.4±0.7b(0.8 ↓) 94.2±0.3c 91.4±0.12d(2.9 ↓) 93.8±0.2c 90.2±0.1e(3.8 ↓) 
Volatile solids 86.8±0.5a 85.5±0.3b(1.4 ↓) 79.4±0.1d 73.2±0.2e(7.8 ↓) 80.5±0.3c 71.5±0.1f(11.1 ↓) 
Total organic carbon 48.2±0.4a 47.5±0.7b(1.4 ↓) 44.1±0.2d 40.6±0.1e(7.9 ↓) 44.7±0.4c 39.7±0.4f(11.1 ↓) 
Ash 13.2±0.6e 14.5±0.6d(9.8 ↑) 20.6±0.1c 24.8±0.5b(20.3 ↑) 20.5±0.2c 28.5±0.2a(39.0 ↑) 
cellulose 46.2±0.5a 45.8±0.2a(0.8 ↓) 42.8±0.4b 38.6±0.4d(9.8 ↓) 39.1±0.2c 35.8±0.3e(8.4 ↓) 
Hemicellulose 25.0±0.3a 24.6±0.1a(1.6 ↓) 22.2±0.3b 20.3±0.3c(8.5 ↓) 20.2±0.4c 17.3±0.1d(14.3 ↓) 
Lignin 6.5±0.2a 6.2±0.2a(4.6↓) 6.2±0.18a 4.9±0.4b(20.9 ↓) 6.0±0.4a 5.2±0.4b(13.3 ↓) 
silica 7.9±0.1a 7.7±0.1a(2.5 ↓) 6.4±0.2c 4.4±0.4e(31.2 ↓) 7.3±0.1b 4.9±0.2d(32.8 ↓) 
*Experimental conditions: ± values indicate standard error of the triplicate data; Control: Untreated paddy straw; PS: Paddy 
straw; Initial indicate sample taken after pretreatment; Final indicates sample taken after 45 days of pretreatment; value in parenthesis 
indicates % increase (↑); % decrease (↓) w.r.t initial value; Within the same row, different small letters indicate a significant 
difference between parameters under the different pretreatments based on Tukey’s HSD test (p< 0.05) 
Table 2.Silicase production in submerged fermentation. 
Incubation period (days) Silicase activity (U/ml) Carbonic anhydrase activity (U/ml) 
0 0.046±0.09 0.05±0.01 
2 0.45±0.06 0.52±0.02 
4 0.67±0.04 0.70±0.02 
6 0.85±0.03 0.87±0.03 
8 1.05±0.06 1.10±0.02 
10 0.73±0.04 0.76±0.01 
*Experimental conditions; Medium used silica peptone broth; Incubation temperature: 30°C±2°C; pH 6.5; mycelial bit size 5 
mm; values are means ± standard deviation (n=3) 
Table 3. Change in proximate and chemical composition of paddy straw by pretreatment with crude silicase enzyme 
Parameters (%) Control 15 U/10  g PS 30 U/10  g PS 45 U/10  g PS 
Total solids 96.2±0.4c 96.7±0.5c (0.5 ↑) 97.3±0.7b (1.1 ↑) 98.0±0.4a (1.8 ↑) 
Volatile solids 86.8±0.5a 84.5±0.5b (2.6 ↓) 82.6±0.1c (4.8 ↓) 81.0±0.6d (6.6 ↓) 
Total organic carbon 48.2±0.4a 46.9±1.0b (2.7 ↓) 45.8±0.8c (4.9 ↓) 45.0±0.3d (6.6 ↓) 
Ash 13.2±0.6d 15.5±0.7c (17.4 ↑) 17.4±0.6b (31.8 ↑) 19.0±0.5a (43.9 ↑) 
Cellulose 46.2±0.5a 44.2±0.6b (4.3 ↓) 41.1±0.6c (11.0↓) 38.4±0.8d(16.8↓) 
Hemicellulose 25.0±0.3d 27.6±0.5c (10.4 ↑) 29.6±0.8b (18.4 ↑) 31.9±0.6a (27.6 ↑) 
Lignin 6.5±0.2a 6.2±0.5a (4.6 ↑) 5.8±0.8b (10.7 ↓) 5.0±0.4c (23.0 ↓) 
Silica 7.9±0.1a 7.0±1.1b (11.3 ↓) 6.5±0.4c (17.7 ↓) 4.2±0.2d (46.8 ↓) 
*Experimental conditions; soaking period 24 hrs; values are means ± standard deviation (n=3); value in parenthesis indicates % 
increase (↑); % decrease (↓) w.r.t initial value; Within the same row, different small letters indicate a significant difference be-
tween parameters under the different pretreatments based on Tukey’s HSD test (p< 0.05) 
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 hemicellulose by 11.8% was observed in 2% pretreated 
sample whereas lignin and silica were decreased by 
16.0% and 12.1% respectively. The decrease in cellu-
lose and hemicellulose is a clear cut indication of use 
of these components for biogas production by anaero-
bic microorganisms. Wang et al. (2001) studied proxi-
mate and chemical analysis of P. ostreatus impregnat-
ed spent grain samples at 20°C for 7 days and reported 
that spent grains consists of 14% cellulose, 9.1% lignin 
and 3.3% ash. Paddy straw rich in dry organic matter 
and cannot be consumed in one cycle. The proximate 
and chemical composition of residual paddy straw af-
ter biogas production indicate that there is still consid-
erable amount of cellulose, hemicellulose and other 
nutrients which can be used for other applications like 
composting, vermi-composting etc. 
Yang et al. (2013) observed 40.3% delignification 
when straw was pretreated with 2% sodium carbonate 
whereas 9.6% delignification was reported by 
Khaleghian et al. (2015) when rice straw was pretreat-
ed with 1M sodium carbonate for 7h. However Kaur 
and Phutela, (2016) reported 32% desilicification when 
paddy straw was pretreated with 2% Na2CO3. Park and 
Kim, (2014) also showed 19% delignification with 
sodium carbonate pretreatment of eucalyptus residues. 
However a higher proportion of lignin removal ranging 
from 39.5% to 72.5% was observed in Na2CO3 pre-
treated rice straw with temperature rising from 120°C 
to 150°C respectively (Yang et al., 2012). 
Biogas production from Na2CO3 pretreated paddy 
straw: Table 6 presents the volumetric contents of 
methane in the reactor using rice straw as a substrate. 
The 2% sodium carbonate pretreatment of paddy straw 
increased the biogas production by 43.7 % from con-
trol. This may be due to lignin and silica reduction, 
however 1% Na2CO3 pretreated sample produced only 
65.2 litre biogas/Kg paddy straw with 16.4% increase. 
Kaur and phutela, (2016) reported 20.7% increase in 
biogas production when paddy straw was pretreated 
with 4% Na2CO3. Dehghani et al. (2015) pretreated 
rice straw with 0.5 M sodium carbonate at 110°C for 2 
h which led to the improvement in biogas production 
due to significant reduction in the crystallinity of  
cellulose and lignin. 
NaOH pretreatment: Maximum total solids were 
decreased in 2% pretreatment of paddy straw i.e. 1.7% 
and the decrease was significant (p<0.05) as shown in 
table 1. Volatile solids also decreased significantly i.e. 
by 15.1% whereas 15.0 % reduction was observed in 
total organic carbon content. The ash content was in-
creased maximum by 45.4 % in 2% pretreated sample. 
Cellulose and hemicellulose were consumed by 17.6 
% and 23.2% in 2% pretreated sample respectively. 
Maximum amount of lignin reduced was 21.8% and 
silica was found to be increased by 20.0%. The in-
crease in silica may be due to the result of breakdown 
of silica in its free form. Van Soest, (2006) also report-
ed that NH3 and urea cracks the silicified cuticular 
layer of rice straw but did not digest silica in contrast 
to the action of NaOH. Similar results were obtained 
by Zhang and Cai, (2008) who found that NaOH pre-
treatment (2%) for 1 hour at 85°C could reduce lignin 
and hemi-cellulose by 36.24 % and 61.07% respective-
ly. Wang et al., (2012) pretreated coastal Bermuda 
grass with of 0.5% to 3% NaOH solution  for a time 
period of 15 to 90 min which resulted in 86% lignin 
removal, however treatment of wheat straw with 1% 
NaOH for 1.5 hrs decrease the hemicelluloses and 
lignin content by 44.15% and 42.52% respectively.  
However Harun and Goek, (2016) reported 79.0% 
desilicification of sodium hydroxide (12% w/v) pre-
treated paddy straw. He et al. (2008) showed that rice 
straw pretreated with 6% NaOH solution reduced cel-
lulose, hemicellulose, and total lignocellulose by 
88.0%, 75.0%, and 72.3% respectively. A close obser-
vation was made my Jaisamut et al. (2013) who re-
ported 59.7% lignin removal from 0.05g of NaOH 
pretreatment of wheat straw at 140°C for 85 min. 
Cheng et al. (2010) also showed delignification rate 
from 8.6% to 23.1% respectively. Similar results were 
observed when Omidvar et al. (2016) pretreated rice 
straw with 2.6 M NaOH at 80°C for 150 min resulting 
in 31.3% delignification. 
Decrease in total solids might be due to the loss of 
some of the components of paddy straw as a result of 
their solubilisation. The decrease in cellulose was the 
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Table 6. Biogas production from different pretreatments of paddy straw 
Biogas  
Production 
Different Pretreatments 
Control 
Na2CO3 NaOH Microwave 
Pretreat-
ment 
(30 min) 
Biological 
Pretreat-
ment 
(7 days) 
Enzymatic 
Pretreat-
ment 
(24 hrs) 
1% 2% 1% 2% 
Biogas 
(ml/250g PS) 
14.0±1.0h 16.30±1.1g 20.12±1.4b 18.0±1.1e 21.12±1.8a 16.8±1.3f 20.0±0.9c 18.4±2.2d 
Biogas (L/Kg 
PS) 
56.1±4.0h 
65.2±4.4g 
(16.4 ↑) 
80.5±5.6b 
(43.7 ↑) 
72.0±4.4e 
(28.5 ↑) 
84.4±7.2a 
(49.7 ↑) 
67.2 ±5.2f 
(19.7↑) 
80.0±3.6c 
(42.6↑) 
73.6±8.8d 
(31.1↑) 
*Experimental conditions: PS: paddy straw; control: untreated paddy straw;± values indicate standard error of the triplicate 
data; value in parenthesis indicates % increase (↑); % decrease (↓) w.r.t control; Within the same row, different small letters 
indicate a significant difference between parameters under the different pretreatments based on Tukey’s HSD test (p< 0.05) 
1529 
 clear-cut indication of the breakdown of lignin-hemi-
cellulose complex thereby resulting in a greater loss in 
the hemi-cellulose and lignin content while silica re-
duction might due to the fact that NaOH solubilized 
silica, converting silica to its monomeric forms thus 
releasing free silicic acids.  
Biogas production from NaOH pretreated paddy 
straw: The hydrolysis of NaOH pretreated rice straw 
showed a 49.7% hike in biogas production with in-
crease in NaOH concentration from 1 % to 2 % (table 
6). A maximum of 84.4 litre biogas/kg paddy straw 
was obtained in case of 2% NaOH concentration, 
whereas in untreated paddy straw only 56.1 litre bio-
gas/kg paddy straw was produced. Similar results were 
obtained by Dai et al. (2014) in which they found that 
rice straw pretreated with 4%, 6% and 8% NaOH solu-
tions gave a total biogas production of 12.1, 18.7 and 
15.0 litre respectively. A total of 64.5% increase in 
biogas production was observed by He et al. (2009) 
when rice straw was pretreated with 6% NaOH solu-
tion. Similarly Qiu et al. (2011) pretreated peanut 
shells with 4% and 8% sodium hydroxide solutions 
which led to 28.0 litre and 17.6 litre biogas production. 
Silicase production in submerged fermentation: 
Silicase production from P.ostreatus MTCC 142 was 
studied in submerged fermentation for a period of 10 
days in silica peptone broth and results are depicted in 
table 2. With the increase of incubation period, the 
enzyme activity increased. The maximum silicase ac-
tivity was found to be 1.05 U/ml on 8th day of incuba-
tion and a reduction in enzyme activity was observed 
after 8th day, this might be due to the fact that peptone 
which acts as nitrogen source is consumed by 8th day 
for carrying out metabolic activities for the growth of 
the microorganism. Report on silicase production by 
Pleurotus ostreatus is not available however, Negi and 
Kumari, (2014) observed maximum laccase activity of 
210 U/g produced from P.ostreatus MTCC 1802 at 
25°C on 7th day of incubation by using wheat bran and 
neem bark as substrate. Similar trend was also ob-
served for carbonic anhydrase (silica solubilzation) 
activity (Schroder et al., 2003) which was marginally 
higher as compared to silicase. 
Silica is especially observed in outer epidermal walls 
and possesses a complex chemical structure which 
makes it resistant to enzymatic attacks. Armstrong et 
al. (1966) demonstrated that silicase also exhibits car-
bonic anhydrase activity and can be measured by the 
colorimetric assay. 
Wang et al. (2010) reported that silicase is a member 
of the family of carbonic anhydrases. Comparison of 
sponge silicase sequence with human carbonic anhy-
drase (II) shows that most of amino acid characteris-
tics to CA’s are also present in sponge silicase. As 
carbonic anhydrase catalyses very fast reversible reac-
tion, so further studies were conducted by determining 
the silicase activity by the method of Toender and 
Borchert, (2014). 
Enzymatic hydrolysis 
Pretreatment with crude silicase: Chopped and 
soaked paddy straw was pretreated with crude enzyme 
extract with different enzyme concentrations i.e. 15, 30 
and 45 units/10g of paddy straw for 24 hrs. A signifi-
cant increase in total solids was noticed. The volatile 
solids and total organic carbon were reduced by 6.6 % 
and 6.6% respectively (table 3). The ash content drasti-
cally increased in all cases but maximum increase was 
found to be 43.9% with 45 U silicase/10 g paddy straw 
in the treated sample, which may be due to the de-
crease in volatile solids. Cellulose decreased maximal-
ly by 16.8% but hemicellulose was found to increase 
by 27.6% with 45 U silicase/10 g paddy straw. Howev-
er lignin and silica showed maximum reduction i.e. 
23.0% and 46.8% respectively. This large change in 
silica demonstrates that P.ostreatus MTCC 142 is sili-
ca degrading fungi and can improve biogas production. 
Our results are in corroboration with that of Kaur, 
(2013) with 45% silica reduction in paddy straw in 
P.ostreatus MTCC 142 impregnated rice straw at 28°
±2°C for a period of 8 days. 
Biogas production from paddy straw pretreated 
with crude silicase: Pretreatment of paddy straw with 
crude silicase (45 U/g PS) resulted in the increase in 
biogas production by 31.1 %  as compared to  control 
which produced only 56.1 litre biogas/Kg paddy straw 
(table 6). Kaur, (2009) also showed 15% increase in 
biogas production from paddy straw pretreated with P. 
florida on 15th day of incubation. 
Proximate and chemical composition of silicase pre-
treated spent paddy straw: Asignificant change 
(p<0.05) was observed in the total solid content, 
whereas volatile solids and total organic carbon re-
duced by 4.6% and 4.8% respectively as depicted in 
table 4. This may be due to the fact that organic frac-
tion of paddy straw is utilized for biogas production. 
Ash content increased by 20.0% whereas cellulose and 
hemicellulose content were reduced by 10.1% and 
12.2% respectively. The lignin and silica reduced by 
10.0% and 7.1% respectively.Similar results with a 
19.1% lignin reduction were observed in Coriolus ver-
sicolor MTCC 138 pretreated paddy straw after 25 
days of incubation (Phutela and Sahni, 2013). 
Microwave and biological pretreatment of paddy 
straw: In order to investigate the different pretreatment 
methods the straw was irradiated with microwaves and 
biological pretreatment. The physical, structural as 
well as the chemical properties were changed during 
the microwave pretreatment, as discussed in table 5. 
There was a significant (p<0.05) loss in total solids 
volatile solids and total organic carbon content with 2.9 
%, 7.8% and 7.9% after pretreatment, but the ash con-
tent was enhanced by 20.3% which may be due the 
reduction in volatile solids. The respective decomposi-
tion rates of cellulose and hemicellulose were 9.8% 
and 8.5 % respectively. Higher amount of lignin and 
silica was dissolved i.e. 20.9% and 31.2% which may 
be due to the reaction caused by radiation, but the en-
tire mechanism is still unclear. Zhu et al. (2005) report-
ed cellulose reduction by 69.2%, lignin 4.9% and hem-
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 icellulose 10.2% after 30-min microwave/alkali pre-
treatment. Similarly Akhtar et al. (2014) showed 39% 
lignin reduction with assisted microwave-acid pretreat-
ment of leaf litter. 
All the above mentioned methods like chemical and 
microwave pretreatments areharsh and cost intensive, 
therefore biological degradation of biomass is pre-
ferred now days which is not only cost prone but also 
enlist eco-friendly behaviour. The method mainly in-
volves the use of actinomycetes, bacteria, white and 
soft rot-fungi which corrupts the lignin structure, a 
highly complex polymer present in biomass. The total 
solid and volatile solid content were reduced by 3.8% 
and 11.1% in biological pretreatment while the ash 
content was increased by 39.0%. There was a profound 
loss in cellulose and hemicellulose content with 8.4 % 
and 14.3% respectively. The high loss in hemicellulose 
might due to the fact that wood-decaying fungi are 
able to metabolize and decompose all plant cell con-
stituents (lignin, hemicellulose and cellulose) by their 
enzymes. Lignin and silica also found to be minimized 
by 13.3% and 32.8% respectively. Some white-rot 
fungi are able to decompose free phenolic monomers 
and break the bonds with which lignin is cross-linked 
to the polysaccharides in rice straw (Chen et al., 1996) 
which makes it more susceptible to microbial attack. 
The results were in corroboration with Phutela and 
Sahni, (2013) who found that paddy straw pretreated 
with Coriolus versicolor MTCC 138 decreased cellu-
lose by 19.3% whereas lignin and silica by 19.1% and 
32.5%, respectively. Thakur et al. (2013) also showed 
that pretreatment of wheat straw and banana straw with 
P.ostreatus HP-1which led to the removal of 49.2% 
lignin, 12.4% cellulose and 21.8% hemicelluloses. 
Many other researchers also focused on paddy straw 
pretreatment using fungal mechanisms. Mustafa et al. 
(2016) pretreated rice straw with P.ostreatus (DSM 
11191) which led to 33.4% lignin removal. Similar 
results were reported by Balasubramanium and Rajara-
thinum, (2013) who showed 27.8% and 24.4% lignin 
and cellulose reduction respectively by P.ostreatus 
pretreatment of paddy straw. 
Biogas production from Microwave and biological 
pretreated paddy straw: A summary of results from 
the biogas potential approach of the microwave pre-
treated as well as the fungal pretreated straw with re-
spect to the controlis shown in table 6. A total of 67.2 
litre biogas/Kg of paddy straw was produced in the 
microwave irradiated sample corresponding to the bio-
logical pretreatment method which produced 80.0 li-
ters biogas/Kg paddy straw. Both pretreatments 
showed 19.7% and 42.6% increase in biogas produc-
tion with respect to control. There is possibility of con-
version of lignin into other soluble components which 
may further be utilized by the methanogens as a sub-
strate after the consumption of simpler/preferred sub-
strates i.e. cellulose/hemicellulose. The result justified 
that biological pretreatment could enhance the me-
thane yield  by removing more cellulose, hemicellu-
lose and silica content from paddy straw as compared 
to microwave treated and untreated paddy straw.  
Conclusion 
Lignin and silica reduction significantly affected the 
biogas production in chemically pretreated straw with 
43.7% increase in Na2CO3 and 49.7% in NaOH with 
respect to control. However crude enzymatic pretreat-
ment enhanced biogas yield by 31.1% with 23.0% and 
46.8% decrease in lignin and silica content. For P. 
ostreatus pretreatment lignin and silica removal was 
found to be 13.3% and 32.8% at 7 days of incubation 
time resulting in 42.6 % increase in methane level. 
Both chemical and fungal pretreatments showed a line-
ar interrelationship with similar values for biogas pro-
duction but weakly related to silica degradation during 
chemical pretreatment. It was concluded that cellulose 
and hemicellulose breakdown in higher proportion 
leads to less degradation of lignin and silica content in 
NaOH pretreated paddy straw. Although chemical 
pretreatment can efficiently increase biogas production 
but can be detrimental to the environment, therefore 
fungal pretreatment is preferred for digestibility of rice 
straw and biogas yield.   
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